APPARATUS AND METHOD TO VERTICALLY ROUTE AND 
CONNECT MULTIPLE OPTICAL FIBERS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This appl\cation claims the benefit of priority to co-pending U.S. 

Patent Application Serial No. 09/724,829, entitled ^^APPARATUS AND 
METHOD TO VERTICALLY ROUTE AND CONNECT MULTIPLE OPTICAL 
FIBERS" filed on November 28, 2000, and to co-pending U.S. Patent Application 
entitled '^APPARATUS AND METHOD TO METALLIZE, REINFORCE, AND 
HERMETICALLY SEAL MULTIPLE OPTICAL FIBERS" filed on June 21, 
2001 which are both continuations-in-part of co-pending U.S. Patent Application 
Serial No. 09/654,459, entitled "APPARATUS AND METHOD TO 
METALLIZE, REINFORCE, AND HERMETICALLY SEAL MULTIPLE 
OPTICAL FIBERS" filed on September 1, 2000, each of which is hereby 
incorporated by reference in their entirety. 

FIELD OF THE INVENTION 
[0002] This invention relates generally to an apparatus and method to 

physically pass multiple optical fibers (e.g., a ribbon) through the walls of a 
package (e.g., a rectangular enclosure), and more specifically to an apparatus and 
method to route and physically connect a ribbon of optical fibers through a wall of 
a package such that the plane of the ribbon is perpendicular to a mounting surface 
of the package or to a plane of a component to which the ribbon is connected. 

BACKGROUND OF THE INVENTION 
[0003] In many optical and electro-optical systems (e.g., computer 

systems, programmable electronic systems, telecommunication switching 
systems, control systems, and so forth) the reliable physical passing of multiple 
optical fibers through the w alls of a package (e.g., a rectangular enclosure w ith 
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one or more components) is desired, where the fibers transition between the inside 
and outside of a package. 

[0004] Such packages are typically populated with components that are 

disposed upon a plane. For instance, a planar waveguide circuit may be formed 
on the surface of a section of a silicon wafer, and this surface is the nominal plane 
of this optical component. The optical components are typically placed within the 
package so that the planes of the optical components are parallel to the larger-area 
top and bottom sides of the package, and the components are spaced away from 
the sides along the height of the package. 

[0005] One solution for physically routing one or more optical fibers 

through a wall of a package is to bundle the optical fibers into a cable, e.g., 
conventionally manufactured lines having a diameter, and route the optical fiber 
cable through a package wall opening. Another solution for physically routing 
one or more optical fibers through a wall of a package is to bundle the optical 
fibers into flat ribbons, and route the flat ribbons through package wall openings 
in a horizontal orientation. The ribbon orientation is considered to be horizontal if 
the plane of the ribbon is parallel to the planar waveguide circuit inside the 
package enclosure. 

[0006[ Additionally, for a typical installation of fiber optic-connected 

component in such a package, the fibers must be bent in order to connect to other 
components in the installation. In practice, fiber ribbons are bent only out of the 
plane of the ribbon. The other components are typically displaced primarily in the 
plane parallel to the bottom of the package, and it is desirable to route the fibers 
nominally in that same plane. For a ribbon of optical fibers in a horizontal 
orientation, the ribbon must frequently be twisted 90 degrees in orientation to 
rotate the plane of the fibers perpendicular to the plane of the installation. This 
rotation will then provide the desired ability to physically route the ribbon parallel 
to the plane of the installation, A very tightly tw isted ribbon puts extra stress on 
the optical fibers and the connection points of the optical fibers. There are 
physical limitations on how tightly the ribbon can be twisted and how small the 
bend radius of curvature of the ribbon can be. since twists and bends increase the 
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optical loss along the length of the optical fibers. Bends and twists typically 
require several millimeters to a few centimeters of fiber length to assure low loss 
and acceptably low stress. These limitations on the ribbon twisting and bending 
can also increase the clearance required for the package in the system, and 
increase the spacing between packages in a system. 

[0007] FIG. 1 illustrates a top view of a prior art approach for routing 

optical fibers through a wall of a package in an optical system 100. Optical 
system 100, as shown in this example, includes six horizontally oriented optical 
fiber ribbons 102, 103, 104, 105, 106, and 107 routed through the wall 108 of a 
package 1 10. Here, the wall 108 must be wide enough for the entry of the three 
top optical fiber ribbons 102, 104, and 106, and the three bottom optical fiber 
ribbons 103, 105, and 107. Additional optical fiber ribbons would require a 
package 110 with a wider wall 108. 

[0008] It would be desirable to physically route multiple optical fibers in a 

bundled (e.g., ribbon) configuration through a wall of a package, with a reduction 
in package size. It would also be desirable to provide an apparatus and method to 
reduce the stress on optical fibers by reducing the twisting of an optical fiber 
ribbon physically connected to an external system. 



SUMMARY OF THE INVENTION 
[0009] An apparatus and method to vertically route and physically pass 

multiple optical fibers through the walls of a package, e.g., an optical package, is 
described herein. One variation of a method to route an optical fiber ribbon 
through a wall of a package may comprise routing the ribbon such that the width 
of the optical fiber ribbon is secured perpendicularly to a component within the 
package to which the ribbon is attached. 

[0010] Another variation may involve a package having an enclosure with 

an opening through which a group of optical fibers may be arrayed in a 
rectangular cross-section having a width which may be longer than a thickness. 
The width is defined as the overall distance formed from each of the cross- 
sections of the juxtaposed individual fibers along one direction and the thickness 
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is defined as the distance perpendicular to the width. Ahematively, the group of 
optical fibers may be arrayed in other configurations, e.g., oval cross-sections, 
elliptical, etc. The package may include a component disposed inside the 
enclosure, and a group of optical fibers may be routed through the opening to the 
component. The group of optical fibers may have a rectangular cross-section 
where a width may be perpendicularly oriented to the base of the enclosure, and a 
clamp may be used to secure the width of the rectangular cross-section of the 
group of optical fibers preferably perpendicularly to the base of the enclosure. 
The base of the enclosure is defined as that part of the enclosure which may be 
secured or placed in contact with a mounting surface. 

[0011] Where the ribbon may be routed through an opening in the wall, 

the orientation of the ribbon may be such that the fibers of the ribbon may 
optimally exit the package to provide a minimal bend radius of the ribbon, thereby 
preferably providing an apparatus and method to reduce the stress on the fibers by 
reducing the twisting of the ribbon. The ribbon of optical fibers routed through 
the wall of a package may also be secured by, e.g., a clamp, along a width of the 
ribbon. 

[0012] The ribbon may be looped and oriented within the package such 

that the end of the ribbon not attached to the component becomes oriented 
vertically, i.e., perpendicularly, in relation to a plane defined by a component 
which may be disposed within the package and to which the opposite end of the 
ribbon is attached. Moreover, where the plane of the component is parallel to the 
mounting base, vertical may be taken as the direction perpendicular to the plane of 
the mounting base of the package. As further defined herein, the term 'Vertically" 
shall be used to describe an orientation as being perpendicular to the plane defined 
by a component within the package, unless otherwise noted. Likewise, the term 
"'horizontally" shall be used to describe an orientation as being parallel to the 
plane defined by the component which may be disposed within the package, or 
parallel to the mounting base of the package when parallel to the plane of the 
component, also unless otherwise noted. 



Copied Tr^m 0/11010/ on ^1-01-^004 



[0013] The invention, together with its various features and advantages, 

can be readily understood from the following more detailed description taken in 
conjunction with the accompanying figures, in which the figures are schematic 
and have not been drawn to scale in the interest of clarity. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 illustrates a top-down view of a prior art approach for 

routing optical fibers through a wall of a package in an optical system. 
[0015] FIG. 2 illustrates a top-down view comparison of a package having 

a horizontal optical fiber ribbon (bottom package) and a package having a vertical 
optical fiber ribbon passing through and bending (top package). 
[0016] FIG. 3 illustrates a perspective side view of one preferred 

embodiment of the invention, showing a ribbon of optical fibers with a ribbon 
segment vertically routed through a package wall opening. 
[0017] FIG. 4 illustrates a perspective view of another preferred 

embodiment of the invention, showing the ribbon of optical fibers with the ribbon 
segment vertically routed through the package wall opening. In this variation, the 
ribbon segment may be attached and sealed to the package wall opening by 
adhesive depositions. 

[0018] FIG. 5 A illustrates a top-down (edge-on) view of a ribbon of one 

preferable variation having a reinforcement plate attached to a ribbon segment of 
a ribbon of optical fibers. 

[0019] FIG. 5B illustrates an isometric view of the section from FIG. 5A 

with only the ribbon and reinforcement plate shown for clarity. 
[0020] FIG. 6A illustrates an isometric view of a package having a 

component disposed within and a ribbon oriented vertically in relation to the 
component. The lid is not shown for clarity. 

[0021] FIG. 6B illustrates a top view of the package of FIG. 6A showing 

the orientation of the ribbon in relation to the component. 
[0022] FIG. 7 shows a flow chart of a variation for vertically routing a 

segment of optical ribbon through a package wall opening. 
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[0023] FIG. 8 shows a flow chart of a variation for seaHng a segment of 

optical fiber ribbon vertically routed through a package wail opening. 
[0024] FIG. 9 shows a flow chart of another variation for sealing a 

segment of optical fiber ribbon, vertically routed through a package wall opening. 
[0025] FIG. 10 shows a flow chart of a variation for hermetically sealing a 

segment of optical fiber ribbon, physically supported by a reinforcement plate, 
and vertically routed through a package wall opening. 

DETAILED DESCRIPTION OF THE INVENTION 
[0026] This invention provides an apparatus and method to pass a ribbon 

of optical fibers or a similar cable through a wall of a package such that the fibers 
of the ribbon or cable may optimally exit the package to provide a minimal bend 
radius to the ribbon or cable. The invention also provides an apparatus and 
method for securing the optical ribbon or cable to the package in this desired 
orientation. A preferable variation may route multiple optical fibers in a planar 
cable (e.g., a ribbon) through a package wall opening that is some distance from 
the connection of the optical fibers to a component inside the package. 
Furthermore, in alternative variations, multiple optical fibers may be bundled in a 
cable other than a simple ribbon, e.g., ovaL eliipticak etc., such as a multi-layered 
ribbon or a matrix configuration with a rectangular cross-section having a 
thickness and a width typically greater than the thickness. The width is defined as 
the overall distance formed from each of the cross-sections of the juxtaposed 
individual fibers along one direction and the thickness is defined as the distance 
perpendicular to the width. 

[0027] A package may comprise a variety of shapes and may typically be 

rectangular. The package may have a mounting base which is usually mounted 
upon and contacting some surface depending upon the environment and 
configuration of the system into which the package may be placed. The base of 
the enclosure is defined as that part of the enclosure which may be secured or 
placed in contact with a mounting surface. Within the package, various 
components, e.g., a planar waveguide circuit formed on the surface of a section of 
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a silicon wafer, are usually mounted such that the plane of the optical components 
may be parallel with the mounting base or mounting surface upon which the 
package is placed. A ribbon optically connected to such a component is typically 
parallel with the plane of the component. The end of the ribbon not attached to 
the component may be looped and oriented within the package such that the 
ribbon becomes oriented at an angle, i.e., vertically, in relation to a plane defined 
by a component which may be disposed within the package. The angle formed is 
preferably about 90° or perpendicular. This relationship may hold regardless of 
how many twists the ribbon may endure so long as the end of the ribbon 
connected to the component and the end of the ribbon exiting the package 
maintain their perpendicular relationship. 

[0028] Moreover, where the plane of the component is parallel to the 

mounting base, vertical may be taken as perpendicular to the mounting base of the 
package. As further defined herein, the term ^'vertically" shall be used to describe 
an orientation as being perpendicular to the plane defined by a component which 
may be disposed within the package, unless otherwise noted. Likewise, the term 
''horizontally" shall be used describe an orientation as being parallel to the plane 
defined by the component which may be disposed within the package, or parallel 
to the mounting base of the package if parallel to the plane of the component, also 
unless otherwise noted. 

[0029] Alternatively, if a component were mounted such that the plane of 

the component were perpendicular to the mounting base of the package and the 
mounting surface, the connected ribbon may be looped and oriented such that the 
plane of the ribbon still exits the package vertically, i.e., perpendicular to the 
mounting base or mounting surface, despite the orientation of the component 
within the package. 

[0030[ FIG. 2 illustrates a top-down view comparison 200 of a variation 

on a package 202 having a vertically-routed, i.e., preferably perpendicular to the 
mounting surface or mounting base, input fiber ribbon 204 and output fiber ribbon 
206. As vertically-routed fiber ribbons 204, 206 bend, they typically form a bend 
radius. Ry. An example of such a bend radius, Ry. for a typical ribbon may be 
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about 1.0 in. (25.4 mm). For comparison purposes, a top-down view of 
conventional package 210 is shown having a conventional horizontally routed, 
i.e., parallel to the mounting surface or mounting base, input fiber ribbon 212 and 
output fiber ribbon 214. 

[0031] As conventionally-routed ribbons 212, 214 bend, they may also 

typically form a bend radius, Rh. An example of such a bend radius, Rh, for a 
typical ribbon may be about 1.0 in. (25.4 mm). Bend radius, Rh, is shown in the 
figures as being outside the packages to illustrate some of the desirable results, 
e.g., less space required for connecting different packages together, of vertically 
routing the ribbon as compared to conventional methods. As seen, conventionally 
routed ribbons 212, 214 may require a longer length of non-bending fiber 216, 
218 than a length of non-bending fiber 208 for the vertically routed ribbon. An 
example of a typical length of non-bending fiber 216, 218 may about 0.25 to 0.5 
in. (6.35 to 12.7 mm) whereas an example of a length of non-bending fiber 208 
for the vertically routed ribbon may be about 0.1 in. (2.54 mm). Here, both 
vertically-routed fiber ribbons 204, 206 and conventionally routed ribbons 212, 
214 may be routed to another package (not shown) and externally connected in a 
vertical orientation. An overall result is that conventionally routed ribbons 212, 
214 requiring a considerably larger amount of space to twist and bend compared 
to vertically-routed fiber ribbons 204, 206. A smaller amount of space for optical 
fiber ribbon bending is desirable for permitting the fabrication of a more compact 
and lower cost system. 

[0032] Another advantage of the present invention can be seen in FIG. 2 

in that vertically routing the ribbon may allow vertically-routed ribbons 204, 206 
to enter and exit the same side of the package 202 due to the efficient vertical 
routing within package 202. On the other hand, conventional methods of routing 
may require an input ribbon 212 on one side of package 210 and an output ribbon 
214 on an opposite side of package 210 due to the required additional space 
necessary to route and connect the ribbon within package 210. As clearly seen, 
access to package 202 from a single side may allow for efficient placement and 
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connection of package 202 to other packages as well as overall space savings and 
compact design. 

[0033] Physical clamping and reinforcement may be facilitated by the 

extension of optical fibers through a wall of a package. The optical fiber ribbon 
may be clamped on the outside of the package wall opening and/or on the inside 
of the package wall opening by a reinforcement support. In one variation, the 
optical fibers may be routed through a package wall opening and may be 
physically reinforced in a vertical orientation. Reinforcement may be provided by 
a vertical clamp (e.g., flat-faced or curved) with the face or face tangent parallel to 
the plane of the ribbon. The face tangent is taken to be the tangential portion of 
the curved face of the clamp which is parallel to the plane of the ribbon to which 
the clamp is securing. Preferably, the clamp may have a surface with a compliant 
material disposed thereon (e.g., a self-adhesive semi-rigid rubber strip). One 
preferred semi-rigid rubber strip may be approximately 30 mils (approximately 

0. 08 centimeters) thick with a durometer hardness of Shore A30, and may be 
commercially available from McMaster-Carr Supply Company, with corporate 
headquarters located in Los Angeles, California. Other variations may use other 
equivalent compliant materials, with or without adhesive, having a durometer 
hardness greater or smaller than Shore A 30, and a greater or lesser thickness than 
approximately 30 mils (0.08 cm). 

[0034] Other variations may provide a feedthrough or conduit, e.g., made 

from an aluminum alloy, other metals, or other strong materials, attached 
externally to the package wall opening to function as a gasket for the fiber 
feedthrough. This gasket may be used to provide physical support, and may help 
to transfer to the package external stresses induced on the fibers. The gasket in 
one preferred embodiment may be back-filled with an adhesive around the fibers 
to further seal the feedthrough volume. In another variation, a protective boot, 

1. e., an external covering around the fiber-to-package junction, preferably made 
from synthetic rubber, e.g., santoprene, neoprene, ethylene propylene diene 
monomer (EPDM), or other equivalent thermoset or thermoplastic polymeric 
materials, may cover the hard gasket providing an extended, composite gasket. 
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The composite gasket may provide additional compliant physical support to the 
optical fibers. 

[0035] FIG. 3 illustrates a perspective view of one variation, showing a 

ribbon 202 of optical fibers with a ribbon segment 304 vertically routed through a 
package wall opening 306 to a component 312 (seen in FIG. 6). In this variation, 
the vertical clamps 314 and 316 may clamp either or both sides of the ribbon 
segment 304. The vertical clamps 314 and 316 are preferably made from an 
aluminum alloy, but can be made from other metals, polymers, or rubber in other 
variations. The external feedthrough or conduit 318, as described above, may be 
externally attached over the package wall opening 306 and may provide physical 
support to the optical fiber ribbon 202. The external feedthrough 318 is 
preferably comprised of a material such as an aluminum alloy, but can be 
fabricated from other metals or rigid materials in alternative variations. The 
external feedthrough 318 preferably extends about 250 to 500 mils (0.635 to 1.27 
cm) beyond the outer wall of the package wall opening 306. Alternative 
variations can use a shorter or longer external feedthrough 318. In this preferable 
variation, a tight-fitting protective boot 322 made of a compliant material may 
cover the external feedthrough 318. 

[0036] A gap may exist between the package wall opening and the optical 

fibers that may be routed through the opening. The gap may be filled with various 
low viscosity adhesives, e.g., various epoxy adhesives. silicone rubber adhesives, 
and so forth, in a preferable variation. The feedthrough cavity may be filled with 
various soft adhesives, e.g., various epoxy adhesives, silicone rubber adhesives, 
and so forth, or hard adhesives, e.g., anhydride epoxy adhesives, and so forth, for 
physical support for the ribbon and improved moisture-resistance for the package 
in more preferred variations. 

[0037] FIG. 4 illustrates a perspective view of another preferable variation 

showing ribbon 202 of optical fibers with ribbon segment 304 vertically routed 
through package wall opening 306 to component 312 (as seen FIG. 6). In this 
variation, the ribbon segment 304 may be attached and sealed to the package wall 
opening 306 by adhesive depositions 308 and 310, e.g., epoxy or silicone rubber. 
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which may fill the entire package wall opening 306. Vertical clamps 314 and 316 
may clamp the ribbon segment 304. The ribbon 202 may be routed through 
external feedthrough 318, which may be attached to the outer wall of the package 
wall opening 306. In this preferable variation, a soft or hard epoxy adhesive, or a 
silicone rubber adhesive may seal the external feedthrough cavity 320. In this 
preferable variation, a tight-fitting protective boot 322 made of a compliant 
material may cover the external feedthrough 318. 

[0038] The package wall openings through which optical fibers are routed 

from the interior of the package to the exterior of the package can be hermetically 
sealed by deposition of a solder. If a solder is used to hermetically seal a package 
wall opening, the most preferred solder is an Indium or Indium-alloy solder. 
Indium and Indium-alloy solders are available from Indium Corporation of 
America, with corporate headquarters located in Utica, New York. Indium and 
Indium-alloy solders are also available from Arconium, with corporate 
headquarters located in Providence, Rhode Island. 

[0039] In pother preferable variation using a solder sealant, e.g., various 

alloys of Indium softer, for hermetic sealing, the optical fibers cables may be 
routed through a package wall opening vertically and may also be physically 
reinforced in a lateral direction by a reinforcement plate extending through the 
package wall opening, attached to the ribbon of optical fibers and the package 
wall opening by a solder, as discussed in more detail by co-pending U.S. Patent 
Application Serial No. 09/654,459, entitled ^'Apparatus and Method to Metallize, 
Reinforce, and Hermetically Seal Multiple Optical Fibers'' filed on September 1, 
2000. It is also discussed in further detail in the co-pending U.S. Patent 
Application also entitled ''Apparatus and Method to Metallize, Reinforce, and 
Hermetically Seal Multiple Optical Fibers"', which was filed on June 21, 2001 as a 
continuation-in-part application of 09/654,459. Each of the applications are 
assigned to the same assignee and each are incorporated herein by reference in its 
entirety. 

[0040] One preferable variation of the invention may use 99.99% pure 

Indium solder to coat the reinforcement plate and seal optical fibers to each 
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package wall opening. However, alternative variations of the invention may use 
99.9% pure Indium, 99% Indium, various alloys of Indium (including Lead, 
Silver, or Palladium), or even alternative low temperature solder alloys of 
Bismuth, Lead, or Tin. Another preferred variation may use 80% Indium, 15% 
Lead, and 5% Silver solder to coat the reinforcement plate and seal optical fibers 
to each package wall opening. Another preferred variation may use 97% Indium 
and 3% Silver solder to coat the reinforcement plate and seal optical fibers to each 
package wall opening. A less preferred variation may use 95% Indium and 5%o 
Bismuth solder. 

[004*111 Most preferably, the solder may be protected from moisture- 

induced corrosion by an outer covering of water-resistant epoxy, e.g., anhydride 
epoxy, in the feedthrough cavity, as described further in LJ.S. Patent Application 
Serial No. 09/654,459. The most preferred variation may use anhydride epoxy for 
the outermost adhesive in the feedthrough cavity. A preferred epoxy is available 
from Dexter, with corporate headquarters located in City of Industry, California; 
Namics, with corporate headquarters located in Tokyo, Japan; and Ablestik, with 
corporate headquarters located in Rancho Domingues, California. Alternative 
variations may use other types of adhesives besides epoxy, e.g., silicone rubber 
compounds, polymer adhesives, and equivalents. The preferred adhesive is a 
thermally cured adhesive, but alternative variations may use an adhesive cured by 
ultraviolet light. A preferred epoxy dispenser is available from EFD Dispenser, 
with corporate headquarters located in East Providence, Rhode Island. However, 
other epoxy dispensers are available from other suppliers to dispense epoxy to 
implement the invention. 

[0042] FIG. 5A illustrates a cross-sectioned top view 500 of one 

preferable variation with a reinforcement plate 502 attached to a vertically-routed 
ribbon segment 304 (seen as a top edge-view) of a ribbon 202 of optical fibers. 
FIG. 5B illustrates an isometric view of the section of FIG. 5A with only the 
ribbon 304 and reinforcement plate 502 shown for clarity. The ribbon segment 
304 may be attached to the reinforcement plate 502 by solder deposit 504 for 
lateral support. The reinforcement plate 502 may also extend through the package 
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wall opening 306. Theyeinforcement plate 502 preferably extends about 10 to 
150 mils (0.0254 to 0.38 V cm) outside the outer wall of the package 506. 
Alternative variations of the invention may make the reinforcement plate 502 
extend about 50 to 250 mils (0.127 to 0.635 cm), or more than about 250 mils 
(0.635 cm), beyond the outer wall of the package 506. The ribbon segment 304 
may be attached and sealed to the package 506 by solder depositions 308 and 310. 
A process for reinforcing and routing through opening 306 is described further in 
U.S. Patent Application Serial No. 09/654,459. 

[0043] FIG. 6A shows an isometric view of an example of a package 506 

( with the lid removed for clarity) with ribbon 202 routed through feedthrough 
cavity 320 of external feedthrough 318. As shown, component 312 may be placed 
in package 506 such that the plane of component 312 may be parallel with the 
mounting surface. Accordingly, ribbon 304 may be looped and routed from 
component 312 such that it exits package 506 vertically, as seen with ribbon 202. 
The term 'Vertically" is defined as above. FIG. 6B shows a top view of the 
package 506 of FIG. 6A. As seen, the portion of ribbon 304 which is attached to 
component 312 is parallel with the component plane and as the remaining portion 
or segment of ribbon 304 is looped within package 506, ribbon 304 is preferably 
oriented vertically relative to the plane defined by component 312 as it leaves 
package 506. 

|0044] FIG. 7 shows a flow chart 700 for one variation on vertically 

routing a segment of optical ribbon through a package wall opening. Starting in 
operation 702, components may be placed and attached inside a package. 
Operation 704 may follow, where an optical fiber ribbon may be routed through a 
package wall opening. Operation 706 may follow, where the optical fiber ribbon 
may be supported in a vertical orientation by, e.g., one flat-faced clamp covered 
by a compliant semi-rigid rubber strip. Operation 708 may follow, where, e.g., a 
second flat-faced clamp covered by a compliant semi-rigid rubber strip may be 
vertically clamped over the opposite side of the optical fiber ribbon and attached 
to the package body, e.g., by screws. Operation 710 may follow, where the 
optical fiber ribbon may be inserted through the cavity of a feedthrough and a 
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protective boot, which may be attached to the external wall of the package. 
Operation 712 may follow, where the lid may be attached to the package. 
[0045] FIG. 8 shows a flow chart 800 for another variation on sealing a 

segment of optical ribbon vertically routed through a package wall opening. 
Starting in operation 802, components may be placed and attached inside the 
package. Operation 804 may follow, where an optical fiber ribbon may be routed 
through a package wall opening. Operation 806 may follow, where the optical 
fiber ribbon may be supported in a vertical orientation by, e.g., one flat-faced 
clamp covered by a compliant semi-rigid rubber strip. Operation 808 may follow, 
where, e.g., a second flat-faced clamp covered by a compliant semi-rigid rubber 
strip is vertically clamped over the opposite side of the optical fiber ribbon and 
attached inside the package body, e.g., by screws, prior to the exit of the optical 
fiber ribbon from the package. Operation 810 may follow, where a low viscosity 
adhesive may be deposited in the cavity of the package wall opening to seal it. 
Operation 812 may follow, where the adhesive may be cured, e.g., thermally or by 
other methods. Operation 814 may follow, where the optical fiber ribbon may be 
inserted through the cavity of a feedthrough, which may then be attached to the 
external wall of the package. Operation 816 may follow, where a second adhesive 
deposition may seal the feedthrough cavity. Operation 818 may follow, where the 
second adhesive may be cured, e.g., thermally or by other methods. Operation 
820 may follow, where the optical fiber ribbon may be inserted through the cavity 
of a protective boot, which may then be attached over the feedthrough. After all 
the package wall openings are sealed in this manner, operation 822 may follow, 
where a lid may be attached to the package. 

[0046] FIG. 9 shows a flow chart 900 for another variation on sealing a 

segment of optical fiber ribbon, vertically routed through a package wall opening. 
Operation 902 may begin where the components may be placed and attached 
inside the package. Operation 904 may follow, where a segment of an optical 
fiber ribbon may be routed through a package wall opening. Operation 906 may 
follow, where the optical fiber ribbon may be clamped in a vertical orientation, 
and an adhesive may be used to seal the package wall opening. After all the 
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package wall openings are sealed in this manner, operation 908 may follow, 
where a lid may be aligned on the package. Operation 910 may follow, where the 
lid may be attached to the package. Operation 912 may follow, where the optical 
fiber ribbon and the package may then be inspected. 

[0047] FIG. 10 shows a flow chart 1000 for a variation on hermetically 

sealing a segment of optical fiber ribbon, physically supported by a reinforcement 
plate, and vertically routed through a package wall opening. Operation 1002 may 
begin where the components may be placed and attached inside the package. 
Operation 1004 may follow, where a segment of optical fiber ribbon supported by 
a reinforcement plate may be positioned through a package wall opening such that 
the reinforcement plate extends outside the package, most preferably by about 10 
to 150 mils (0.0254 to 0.381 cm). Operation 1006 may follow, where the optical 
fiber ribbon and reinforcement plate may be soldered to the package wall opening. 
Operation 1008 may follow, where an external feedthrough may be slipped over 
the optical fiber ribbon and attached outside of the package. Operation 1010 may 
follow, where the feedthrough cavity may be filled with epoxy and the epoxy may 
be cured. After all the package wall openings are sealed in this manner, operation 
1012 may follow, where a lid of low coefficient of thermal expansion material, 
e.g., Kovar, Invar, Alloy 42, or other low coefficient of thermal expansion alloys, 
may be aligned on the package. Operation 1014 may follow, where the ribbon 
and the package may be placed in a chamber of a seam sealer for a time ranging 
from about 30 minutes to 8 hours to seam seal the package. Operation 1016 may 
follow, where the lid may be sealed on the package. The seam sealer may use two 
electrodes that melt the lid in localized areas and seal the package. In the most 
preferred variation, sealing may take place in a dry box containing about 90% 
nitrogen and 10% helium. Helium may be used so that parts may be tested for 
fine leaks without having to pressurize them with helium after sealing. Operation 
1018 may follow, where the optical fiber ribbon and package may be removed 
from the seam sealer. A further description may be found in the U.S. Patent 
Applications, which have been incorporated by reference in their entirety, as 
discussed above. 
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[0048] Descriptions of specific designs and dimensions are provided only 

as examples. It is to be understood that modifications to the variations will be 
readily apparent to those skilled in the art. Thus, while preferred variations of the 
invention have been disclosed, it will be readily apparent to those skilled in the art 
that the invention is not limited to the disclosed variations but is intended to cover 
numerous other modifications and broad equivalent arrangements that are 
included within the spirit and scope of the following claims. 
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